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Description 

Reduced-Capacitance Bus Switch in 
Isolated P-Well Shorted to Source and 
Drain During Switching 

Background of Invention 

[0001] This invention relates to semiconductor bus switches, and 
more particularly to isolated wells under bus-switch tran- 
sistors. 

[0002] Bus switches are often used in networking and other ap- 
plications. For high-speed applications, bus switches us- 
ing metal-oxide-semiconductor (MOS) technology should 
have both low on-resistance and capacitance to reduce 
the delay through the switch. The source and drain nodes 
of a bus-switch transistor connect to the busses while the 
gate is controlled by a bus-connecting enable signal. 

[0003] The terminals of bus-switch transistors may be biased in 
a variety of ways to prevent latch-up or damage and to 
reduce sensitivity to glitches and other system or environ- 
mental factors. See for example "Parallel Micro-Relay Bus 



Switch for Computer Network Communication with Re- 
duced Crosstalk and Low On-Resistance using Charge 
Pumps", U.S. Patent No. 5,808,502, and "Bus Switch Hav- 
ing Both P- and N-Channel Transistors for Constant 
Impedance Using Isolation Circuit for Live-Insertion when 
Powered Down", U.S. Patent No. 6,034,553. Also see U.S. 
Patent No. 6,052,019 for "Undershoot-lsolating MOS Bus 
Switch", "Bi-Directional Undershoot-lsolating Bus Switch 
with Directional Control", U.S. Patent No. 6,559,703, and 
"Live-Insertion PMOS Biasing Circuit for NMOS Bus 
Switch", U.S. Patent No. 6,608,517. 

[0004] Figure 1 shows a prior-art bus switch. Bus-switch transis- 
tor 10 can isolate bus A from bus B or can connect them 
together. The drain of bus-switch transistor 10 is con- 
nected to terminal A, while the source is connected to ter- 
minal B. Terminals A, B are typically input-output (I/O) 
pads of a semiconductor chip that contains one or more 
bus-switches. Drains and sources are terms that are in- 
terchangeable, depending on the applied biases of A, B. 

[0005] An enable signal EN is applied to or generated by the chip, 
and is buffered by inverters 16, 18 to drive gate-enable 
signal GEN. Signal GEN is applied to the gate of bus- 
switch transistor 10. When EN is high, bus-switch transis- 



tor 10 turns on, connecting A and B. When EN is low, bus- 
switch transistor 10 turns off, isolating A from B. 

[0006] As new electronic systems operate at higher and higher 
speeds, such as the Giga-hertz (GHz) range, such bus- 
switch transistors must also operate at the higher speeds. 
Capacitances need to be charged and discharged at the 
higher GHz rates. When capacitances are relatively large, 
such charging and discharging can limit the frequency of 
operation of the device. 

[0007] since terminals A, B are connected to external pins of the 
semiconductor chip housing bus-switch transistor 10, 
larger than minimum-size geometries are needed as pro- 
tection against electro-static-discharges (ESD) to prevent 
damage to the device. The source and drain regions of 
bus-switch transistor 10 are usually enlarged to provide 
additional protection against ESD damage. This increased 
source/drain size leads to larger parasitic capacitances in 
bus-switch transistor 10. 

[0008] For example, drain-to-well capacitor 14 is formed be- 
tween the N+ source of bus-switch transistor 10 and the 
P-well or p-type substrate under the drain. The P-well is 
often grounded, so as the drain voltage changes as the 
external signal on A changes, drain-to-well capacitor 14 



must be charged and discharged. When the switch is on, 
source-to-well capacitor 12 must also be charged. 

[0009] Figure 2 is a cross-section of a bus-switch transistor. 

Bus-switch transistor 10 is formed in P-well 17, which is 
biased to ground by a P+ tap. The N+ drain of bus-switch 
transistor 10 is connected to external bus signal Awhile 
the N+ source is connected to external signal B. The gate 
of bus-switch transistor 10 is driven by gate-enable sig- 
nal GEN. The n-type substrate 94 is connected to power 
(Vcc) by N+ tap 92. 

[0010] Drain-to-well capacitor 14 (Fig. 1) is formed between the 
N+ drain (connected to signal A) of bus-switch transistor 
10 and grounded P-well 17 under the drain. Source- 
to-well capacitor 12 is formed between the N+ source 
(connected to signal B) of bus-switch transistor 10 and 
grounded P-well 17 under the source. A large size for the 
MOS transistors is needed for low on-resistance with high 
performance switches. At very, very high frequencies 
these capacitances can limit operation. 

[0011] The parasitic capacitances of drain-to-well capacitor 14 
and source-to-well capacitor 12 increase the input capac- 
itance measured at terminals A, B since larger- 
than-minimum size sources and drains are needed for 



ESD protection. This increased input capacitance is unde- 
sirable since it can limit higher-speed operation of bus- 
switch transistor 10. 
[0012] what is desired is a bus switch with low on-resistance and 
reduced input capacitance. A bus switch with reduced 
source/drain capacitance is desirable to allow operation at 

higher frequencies, such as in the GHz range. 
Brief Description of Drawings 

[0013] Figure 1 shows a prior-art bus switch. 

[0014] Figure 2 is a cross-section of a bus-switch transistor. 

[0015] Figure 3 is a schematic of a bus-switch with an underlying 
P-well that is shorted to the source/drain during switch- 
ing. 

[0016] Figure 4 is a cross-section of a bus-switch with an under- 
lying P-well that is shorted to the source/drain during 
switching. 

[0017] Figure 5 is a cross section of the bus-switch with an un- 
derlying shorted P-well using a triple-well technology. 
Detailed Description 

[0018] The present invention relates to an improvement in bus 

switches. The following description is presented to enable 
one of ordinary skill in the art to make and use the inven- 



tion as provided in the context of a particular application 
and its requirements. Various modifications to the pre- 
ferred embodiment will be apparent to those with skill in 
the art, and the general principles defined herein may be 
applied to other embodiments. Therefore, the present in- 
vention is not intended to be limited to the particular em- 
bodiments shown and described, but is to be accorded 
the widest scope consistent with the principles and novel 
features herein disclosed. 

[0019] The inventors have realized that input capacitance can be 
reduced by shorting the well under the bus-switch tran- 
sistor to the source or drain. Since both sides of the 
source-to-well capacitor and the drain-to-well capacitor 
are connected to the same voltage, these parasitic capaci- 
tances no longer have to be charged and discharged. 

[0020] instead, the capacitance from the shorted well to the un- 
derlying substrate is charged and discharged. Since the P- 
well has a much lighter doping than the heavily-doped N+ 
source, the junction or doping profile of the well- 
to-substrate junction is more gradual than the 
N+-to-P-well junction. The more gradual doping profile 
produces a smaller capacitance for the well-to-substrate 
junction than for the N+ source-to-well junction. Thus 



capacitance per unit area is reduced. Although the well is 
larger in area than the source/drain, the reduction in ca- 
pacitance per unit area can offset the increase in area. 

[0021] The well is actively shorted to source and drains when the 
bus-switch transistor is turned on, but biased to ground 
when the bus-switch transistor is turned off. 

[0022] Figure 3 is a schematic of a bus-switch with an underlying 
P-well that is shorted to the source/drain during switch- 
ing. Bus-switch transistor 30 has a drain connected to bus 
signal A and a source connected to bus signal B. Bus sig- 
nals A, B are external signals such as segments of a bus. 
Inverters 26, 28 buffer enable signal EN to generate ENB 
and gate-enable GEN. Gate enable GEN is applied to the 
gate of bus-switch transistor 30, but is also applied to the 
gates of well-shorting transistors 34, 36. 

[0023] isolated P-well 50 is the substrate terminals of bus-switch 
transistor 30 and well-shorting transistors 34, 36, since 
all are formed in the same isolated P-well. Parasitic well- 
to-substrate capacitor 40 is formed between isolated P- 
well 50 and the underlying N-type substrate or N-well. 

[0024] when enable EN is low, gate-enable GEN is also low, caus- 
ing bus-switch transistor 30 to remain off. This isolates 
signal A from signal B. Isolated P-well 50 is biased to 



ground by biasing transistor 38, which has its gate driven 
high by inverse-enable signal ENB. The drain of biasing 
transistor 38 connects to isolated P-well 50 such as using 
metal line 56 to a P+ tap, while the source of biasing 
transistor 38 connects to ground. Biasing transistor 38 
can be formed in another P-well that is grounded and 
otherwise isolated from isolated P-well 50. 

[0025] when EN is driven high, biasing transistor 38 turns off, 

floating isolated P-well 50. Bus-switch transistor 10 turns 
on, connecting signals A, B together. Well-shorting tran- 
sistors 34, 36 also turn on, shorting isolated P-well 50 to 
the source (signal B) and the drain (signal A). While the 
source and drain can initially have different voltages, cur- 
rent rapidly flows through the channel of bus-switch tran- 
sistor 30 to equalized the drain and source voltages. Bus- 
switch transistor 30 is typically a larger transistor with a 
relatively high current drive, so equalization is fast. 

[0026] isolated P-well 50 can be biased through one or more P+ 
taps 52, and can have metal lines connecting the taps to- 
gether and to metal line 56 near biasing transistor 38. 

[0027] since well-shorting transistor 34 turns on, both terminals 
("plates") of drain-to-well capacitor 44 are at the same 
voltage and shorted together. Thus little or no charging 



current is absorbed by drain-to-well capacitor 4. The in- 
put capacitance of input A does not see the full capaci- 
tance of drain-to-well capacitor 44 since its two sides are 
shorted together. 

[0028] Likewise, when well-shorting transistor 36 turns on, the 
two sides of source-to-well capacitor 42 are shorted to- 
gether, eliminating most of the capacitance of source- 
to-well capacitor 42 from the input capacitance measured 
at chip terminal B. 

[0029] instead, currents from the inputs charge and discharge 
well-to-substrate capacitor 40. Input current from signal 
A passes through well-shorting transistor 34 to isolated 
P-well 50 to charge well-to-substrate capacitor 40. Input 
current from signal B passes through well-shorting tran- 
sistor 36 to isolated P-well 50 to charge well-to-substrate 
capacitor 40. Signals A, B are driven to the same signal 
when the bus switch is on. Since isolated P-well 50 has a 
much lower dopant concentration than the N+ sources 
and drains, the capacitance per unit area is much less. As 
long as the area of isolated P-well 50 is kept reasonably 
small, the overall input capacitance is reduced. 

[0030] Figure 4 is a cross-section of a bus-switch with an under- 
lying P-well that is shorted to the source/drain during 



switching. Bus-switch transistor 30 is formed in isolated 
P-well 50 and has its gate driven by gate-enable GEN and 
N+ drain connected to signal A and its N+ source con- 
nected to signal B. 

[0031] input signal B is also connected to the N+ drain of well- 
shorting transistor 36, which also has its gate driven by 
gate-enable G. The N+ source of well-shorting transistor 
36 is connected to P+ tap 52, causing isolated P-well 50 
to be driven from signal B through well-shorting transis- 
tor 36 when bus-switch transistor 30 is turned on. Iso- 
lated P-well 50 is also driven by well-shorting transistor 
34, which is not shown in this limited view. 

[0032] when bus-switch transistor 30 is turned off, well-shorting 
transistors 34, 36 are also off, but biasing transistor 38 
turns on. The N+ drain of biasing transistor 38 is con- 
nected by metal line 56 to P+ tap 52 to drive isolated P- 
well 50 to ground. Other P+ taps into isolated P-well 50 
may also be present. 

[0033] The N+ source of biasing transistor 38 is connected to 

ground. A P+ tap to P-well 54 is also grounded to bias P- 
well 54. P-well 54 and isolated P-well 50 are electrically 
isolated from each other by n-type substrate 94. 

[0034] Well-to-substrate capacitor 40 is formed by the junction 



under isolated P-well 50 to n-type substrate 94. While the 
junction area is larger than the N+ source/drain to iso- 
lated P-well 50 junction, the doping of isolated P-well 50 
may be much less, allowing for a reduction in capacitance. 

[0035] Figure 5 is a cross section of the bus-switch with an un- 
derlying shorted P-well using a triple-well technology. 
Some semiconductor processes may use a p-type sub- 
strate rather than an n-type substrate. A triple-well pro- 
cess may be used with the invention in that case. 

[0036] Bus-switch transistor 30 and well-shorting transistors 34, 
36 are formed in isolated P-well 50. However, isolated P- 
well 50 is formed within N-well 70, which is biased to Vcc 
by an N+ tap. N-well 70 electrically isolates isolated P- 
well 50 from p-type substrate 60, which is biased to 
ground by a P+ tap. Thus biasing transistor 38 in p-type 
substrate 60 is isolated from isolated P-well 50. Metal line 
56 allows biasing transistor 38 to bias isolated P-well 50 
to ground when bus-switch transistor 30 is not enabled. 

[0037] ALTERNATE EMBODIMENTS 

[0038] Several other embodiments are contemplated by the in- 
ventors. Various layout arrangements may be used. Addi- 
tional taps, guard rings, and other structures may be 
added to the layout, as can ESD or other input-protection 



devices. Various transistor sizes may be used. Many bus- 
switch transistors can be integrated together on a semi- 
conductor chip, and can share enable signals or have sep- 
arate enables. Each bus-switch transistor is formed in a 
separate well with its own well-shorting transistors. 

[0039] The well-shorting transistors could be driven by a logi- 
cally equivalent enable signal that is separately buffered 
from the enable driving the gate of the bus-switch tran- 
sistor. Timing could be adjusted slightly if desired. 

[0040] The invention can be used with a p-channel bus-switch 
transistor, and p-channel well-shorting transistors and 
biasing transistor formed in N-wells that are isolated from 
each other by a p-type substrate. When an n-type sub- 
strate is used with p-channel transistors, a triple-well 
process may be used. Such complementary structures 
swap power and ground and p and n type regions. 

[0041] The well-shorting transistors could be in the same iso- 
lated P-well as the bus-switch transistor, or could be in 
separate isolated P-wells that are electrically connected 
together by metal lines. Since the isolated P-well is 
shorted to the source of bus-switch transistor, the body 
effect is eliminated. This allows a higher current to pass 
through the bus-switch transistor when its source is 



above ground. Various trade-offs can be made by the de- 
signer. On-resistance can be reduced by increasing the 
size of the bus-switch transistor, but this increases ca- 
pacitance. With the invention, reduced input capacitance 
may allow for larger transistors and lower on-resistance, 
but without a large input capacitance. 

[0042] The terms source and drain are interchangeable. At any 
time the drain is the source/drain region with the higher 
voltage and the source is the other source/drain region 
with the lower voltage for n-channel transistors (opposite 
for p-channel transistors). Since biases can change over 
time, which source/drain region is the source and which is 
the drain can also change. The term "source/drain" may 
be more appropriate, but is not used herein because it is 
more cumbersome. 

[0043] Any advantages and benefits described may not apply to 
all embodiments of the invention. When the word "means" 
is recited in a claim element, Applicant intends for the 
claim element to fall under 35 USC Sect. 112, paragraph 
6. Often a label of one or more words precedes the word 
"means". The word or words preceding the word "means" 
is a label intended to ease referencing of claims elements 
and is not intended to convey a structural limitation. Such 



means-plus-function claims are intended to cover not 
only the structures described herein for performing the 
function and their structural equivalents, but also equiva- 
lent structures. For example, although a nail and a screw 
have different structures, they are equivalent structures 
since they both perform the function of fastening. Claims 
that do not use the word "means" are not intended to fall 
under 35 USC Sect. 112, paragraph 6. Signals are typically 
electronic signals, but may be optical signals such as can 
be carried over a fiber optic line. 
[0044] The foregoing description of the embodiments of the in- 
vention has been presented for the purposes of illustra- 
tion and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the 
above teaching. It is intended that the scope of the inven- 
tion be limited not by this detailed description, but rather 
by the claims appended hereto. 



